Malaria vectors are exposed to intense selective pressures due to large-scale 16 intervention programs that are underway in most African countries. One of the 17 current priorities is therefore to clearly assess the adaptive potential of Anopheline 18 populations, which is critical to understand and anticipate the response mosquitoes 19
Introduction 39
Despite having a widely acknowledged epidemiological significance, most African 40 malaria mosquitoes are so-called "neglected vectors" because the efforts devoted to 41 their study and control are clearly insufficient. In this framework, we set out to perform the first genome-wide investigation of 69 natural polymorphism in An. moucheti. One of our main goals was to know to what 70 extent assessing the genetic diversity could provide clues about the spatial 71 distribution and help predict the environmental resilience of this species. In 72 principle, evolutionary responses of species to human-induced or natural changes 73 rely largely on available heritable variation, which reflects the evolutionary 74 potential and adaptability to novel environments (Orr and Unckless, 2008) . 75 Therefore, the screening of genome-wide variation is supposed to be a sensible 76 approach that may provide a generalized measure of evolutionary potential in 77 species like An. moucheti for which direct ecological, evolutionary or functional tests 78 are impossible (Harrisson et al., 2014 , the other African malaria vectors have yet to fully benefit 87 from the explosive growth of methods for assessing genetic variation at a fine scale. 88
These neglected vectors face a vicious cycle whereby the lack of basic genomic 89 resources that are critical to generate high-quality sequencing information and to 90 enable robust interpretations of natural polymorphisms greatly contributes to their 91 marginalization. One typical example is An. moucheti, which lacks all the vital 92 resources ranging from a laboratory strain, a reference genome assembly, and a 93 physical or linkage map. 94
95
To start filling this gap and to shed some light on the evolutionary history and 96 adaptive potential of this vector, we have performed a high-throughput sequencing 97 of reduced representation libraries in 98 wild-caught individuals from Cameroon 98 and identify thousands of RAD loci scattered throughout the genome. Using high-99
quality Single Nucleotide Polymorphisms (SNPs) identified within these loci, we 100 have investigated the genetic structure of populations and scan genomes of our 101 samples to detect footprints of local adaptation and natural selection. We found that, 102 in our study zone, populations of An. moucheti are characterized by a great genetic 103 diversity and extensive gene flow. We argue that this vector is particularly adapted 104 to challenge the selective pressures imposed by vector controls and rapid 105 environmental modifications. 106 7 2. Material and methods 108
Mosquito sampling and sequencing 109
This study included two An. moucheti populations from the Cameroonian equatorial 110 forest. A total of 98 mosquitoes (97 adults and 1 larva) were collected in August and 111
November 2013 from Olama and Nyabessan, respectively (Table 1) between SNPs located on the same RAD locus, we randomly selected only one SNP 201 within each RAD locus resulting in a dataset of 2569 variants containing less than 202 15% missing data. LDna was then used to identify LD blocks whose population 203 genetic structure was examined with a PCA. 204 205 3. Results 206
De novo assembly 207
In total, 518,218 unique 96-bp RAD loci were identified from de novo assembly of 208 reads in 98 individuals. We retained 946 loci that were present in all sampled 209 populations and in at least 75% of individuals in every population, and we identified 210 3027 high-quality biallelic SNPs from these loci. 211
Population genetic structure 212
First, we tested for the presence of cryptic genetic subdivision within An. moucheti 213 with PCA, NJ trees and the ADMIXTURE ancestry model. A NJ tree constructed from 214 a matrix of Euclidian distance using allele frequencies at 3027 genome-wide SNPs 215 showed a putative subdivision of An. moucheti populations in two genetic clusters 216 ( Fig. S1A ). The first three axes of PCA also revealed a number of outlier individuals 217 separated from a main cluster ( Fig. S1B ). However, when we ranked our sequenced 218 individuals based on the number of sequencing reads, we noticed that one of the 219 putative genetic clusters corresponded to a group of individuals having the lowest 220 sequencing coverage ( Fig. S1 and Table S1 ). We excluded all these individuals and 221 reduced our dataset to 78 individuals. We conducted a new de novo assembly and 222 analyzed the relationship between the 78 remaining individuals at 6461 SNPs 223 present in at least 70% of individuals using PCA, NJ trees and ADMIXTURE. Both the 224 k-means clustering (DAPC) and the variation of the cross-validation error as a 225 function of the number of ancestral populations in ADMIXTURE revealed that the 226 polymorphism of An. moucheti resulted from only one ancestral population (k = 1) 227 ( Fig. 1B and 1C ). PCA and NJ depicted a homogeneous cluster comprising all 78 228 individuals providing additional evidence of the lack of genetic or geographic 229 structuring among populations ( Fig. 1D and 1E) . Unsurprisingly, the overall FST was 230 remarkably low between populations from the two sampling locations Olama and 231
Nyabessan (FST = 0.008, p < 0.005). Similarly, the distribution of FST values across 232 6461 SNPs showed a large dominance of very low FST values throughout the genome 233 (Fig. 2) . The highest per locus FST was only 0.126, while 5006 of the 6461 loci 234
revealed FST near zero. The modest geographic differentiation was also well 235 illustrated by a hierarchical AMOVA, which showed that the genetic variance was 236 explained essentially by within-individual variations (99.7%). Finally, we found very 237 low overall Wright's inbreeding coefficient (FIS= 0.0014, p < 0.005 in Nyabessan and 238 FIS = 0.0025, p < 0.005 in Olama) (Table 2) suggesting that allelic frequencies within 239 both populations were in accordance with proportions expected under the Hardy-240 Weinberg equilibrium. 241
Genetic diversity and demographic history 242
The estimates of the overall nucleotide diversity (π = 0.0020 and π = 0.0016, 243 respectively, in Olama and Nyabessan) ( Table 2) (Table 2) . The difference observed 252 between the two locations can be related to the sample size (n = 19 in Nyabessan 253 and n = 59 in Olama) or to demographic particularities that persists between the 254 two geographic sites despite a massive gene flow. To infer the demographic history 255 of An. moucheti, we examined the Allele Frequency Spectrum (AFS), summarized as 256 the distribution of the major allele in one population. This approach was a surrogate 257 to model-based methods that provide powerful examinations of the history of 258 genetic diversity by modeling the AFS at genome-wide SNP variants, but that 259 couldn't be implemented here due to the lack of a reference genome assembly. The 260 frequency distribution of the major allele p (Fig. 3) suggests that none of the polymorphic inversions described previously is actually 275 segregating among our samples, as high values of FST are absent even within 276 inversion loci. We provided further support to this hypothesis by performing LD 277 analyses. First, we found a globally low LD in the An. moucheti genome (average 278 genome-wide r 2 = 0.0149) as expected in highly polymorphic populations with large 279 effective size. We next used LDna to cluster the LD values and to identify Single 280
Outlier Clusters (SOC) that can be associated with distinct or multiple evolutionary 281 phenomena in the An. moucheti history. We set the parameters to collect and screen 282 a high number of SOCs using 2569 highly filtered SNPs, which allowed us to identify 283 20 independent LD blocks in our samples (Fig. 4) . In principle, when these blocks 284 are associated with important events in the evolutionary history of a species, 285 downstream analyses can reveal clear pattern reflecting the underlying process 286 (Kemppainen et al., 2015) . This has been illustrated for example by studies 287 demonstrating that SNPs within SOCs generated by polymorphic inversions in 288
Anopheles baimaii clearly separate the three expected karyotypes (inverted 289 homozygotes, heterozygotes and standard homozygotes) (Kemppainen et al., 2015) . 290
We conducted downstream analyses with a PCA using SNPs identified within the 291 SOCs. As shown in Fig S2, although individuals were occasionally spread along three 292 PCA axes, no distinct cluster could be identified from any of the 20 SOCs. These 293 results were consistent with the absence of segregating inversions and local 294 adaptation in our samples and corroborated low FST values observed throughout the 295 genome. Precisely, in our data, we couldn't identify polymorphic inversions whose adaption between the two sites. Some of the different SOCs identified can be 298 associated with other processes that were not captured by our analytical approach; 299 others are probably methodological artifacts associated with the LDna pipeline 300 (Kemppainen et al., 2015) . 301
Discussion 302
We have analyzed the genome-wide polymorphism and characterized some of the 303 baseline population genomic parameters in An. moucheti, an important malaria 304 vector in rural areas across the African rainforest. We found very little 305 differentiation among our samples, with most of the genetic variation distributed 306 within individuals. Although a more substantial sampling will be necessary to fully 307 dissect the population genetic structure of this species, our finding likely reflects the 308 current dynamic of An. moucheti populations in Cameroon. It is worth mentioning 309 that we have surveyed a total of 28 locations across the country (Fig 1A) , some of 310 which were known from several past surveys to harbor An. moucheti populations 311 Cameroon (Sharakhova et al., 2014) . The ecological, behavioral or functional roles of 340 these inversion polymorphisms remain unknown. We have implemented a recently 341 designed method that uses Next Generation Sequencing and LD estimates to 342 indirectly identify paracentric inversions whose karyotype frequencies varies 343 among populations due to local adaptation (Kemppainen et al., 2015) . Our LD 344 analyses revealed the presence of a few LD clusters that are however not associated 345 with inversions. On the other hand, the low overall LD observed across the genome 346 reflected the significant genetic polymorphism that seems to prevail within An. insects exploit standing genetic variation to rapidly respond to the evolutionary 370 challenge by increasing the frequency of existing variations rather than relying on 371 infrequent de novo mutations (Messer and Petrov, 2013) . As a result, despite the 372 current sensitivity of An. moucheti to common insecticides, the significant amount of 373 standing genetic variation provides the species with a great potential to challenge 374 insecticide-based interventions and other types of human-induced stress. 375
Conclusions 376
Recent advances in sequencing allow sensitive genomic data to be generated for 377 virtually any species (Ellegren, 2014). However, the most important information we 378 can obtain from population resequencing approaches often depends on the 379 availability and the quality of genomic resources such as a well-annotated reference 380 genome. The reduced genome sequencing strategy (RADseq) offers a cost-effective 381 strategy that can be used to effectively study the genetic variation in a broad range 382 of species from yeast to plants, insects, etc., in the absence of a reference genome. 383
We have extended this approach to the study of the genetic structure of an 384 understudied mosquito species with a great epidemiological significance. We have 385 provided both significant baseline population genomic data and the methodological 386 validation of one approach that should motivate further studies on this species and 387 other understudied anopheline mosquitoes lacking genomic resources. 388
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